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Abstract 
Ice hockey is a sport characterized by high speeds, sharp turns and abrupt stops. Hence, the interaction of the foot and 
ankle within the skate boot is fundamental for optimal stability and propulsion. The purpose of this study was to 
quantify concurrently direct torque and foot-to-boot contact pressures throughout the foot and ankle’s functional 
range of motion, with two skate boot models. Testing ten male hockey players in a seated position with hip and knee 
stabilized at 90ͼ, ankle torques during plantar/dorsi-flexion (PF, DF) and inversion/eversion (INV, EVR) isokinetic 
movements (60º/s) were measures using a Biodex dynamometer with contact pressures collected with piezo-resistive 
sensors placed about nine foot-ankle regions. One conventional and one modified skate boot models were examined: 
the latter encompassing greater tendon guard and tongue flexibility. 
Results showed the modified skate had substantial increases in ankle range of motion (14.8º, p<0.05), particularly in 
the PF direction (+12.6º) versus the conventional skate, and a trend towards increased PF torque (64.2 vs. 62.7 Nm) 
and work per stroke (13.0 vs. 8.9 kJ). No significant differences in INV/EVR were noted.  Contact pressure 
distribution was altered significantly BOTH at the sites adjacent to the boot construction modifications AND at 
remote sites, indicating an altered manner of foot leverage within the boot to create PF/DF torque, particular at PF to 
DF transition phases. In summary, this novel study is the first to directly ascertain the mechanical interactions of the 
foot and skate boot, and demonstrated this benchmarking protocol’s sensitivity to functionally discriminate between 
boot design changes. 
 
© 2012 Published by Elsevier Ltd. 
 
Keywords: Ice hockey; skate boots; stiffness; fit 
 
 
 
    * Corresponding author. Tel.: +1-514-398-4184; fax: +1-514-398-4184. 
   E-mail address: david.pearall@mcgill.ca. 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
296   David J. Pearsall et al. /  Procedia Engineering  34 ( 2012 )  295 – 300 
1. Introduction 
While skating mechanics are similar in movement patterns for speed skating and figure skating, ice 
hockey is a team sport characterized by high skating speeds and rapid transition starts, stops and change 
of direction tasks, so as to avoid obstacles and opponents[1-3]. Hence, the interaction of the foot and 
ankle within the skate boot is fundamental for optimal stability and propulsion[4]. Furthermore, ice 
hockey skates have evolved distinctive features including boots that are more rigid, and possess higher 
ankle collars and an Achilles tendon guard, to provide much needed protection from collisions (i.e. pucks, 
and opponents’ sticks and blades). Prior study[5] demonstrated that construction and design differences in 
skate model substantial moderate the effective stiffness of the boot.  These latter traits however may well 
impede foot and ankle range of motion, in particular plantar / dorsi flexion, that in turn may reduce a 
skater’s speed and stability[6, 7]. Further modifications to ice hockey skate boot designs may be 
considered to optimize their function. 
This study outlines the method used to analyze the kinetics of two different skate boots designs 
(provided by Bauer Hockey Corp.). The footwear conditions analyzed included: (1) a conventional ice 
hockey skate (SKATE), (2) the same skate model with a flexible tendon guard (SKATE FTG) permitting 
more posterior leg deflection, and (3) a running shoe (SHOE, Nike Free 7.0) as a reference condition with 
minimal obstruction to foot and ankle movement. The measurement variables of interest were active and 
resistive torque generation, ankle range of motion (ROM) and work output. In addition, foot-to-boot 
contact pressures were measured.  It was expected that differences in the above measures would be 
detected due to the skate design alteration. 
 
2. Methods  
Male subjects between 18-26 years of age were recruited that could fit a size 8 skate (9.5 US shoe 
size).  All subjects were free of lower limb injuries. During testing, subjects were seated on the chair 
attached to the Biodex dynamometer (Biodex System 4 Pro, Biodex Medical System Inc., Shirley, NY, 
USA; Figure 1) and strapped to the foot plate. In prior studies[8-10], the Biodex has demonstrated to be a 
reliable and effective tool for assessing ankle function and strength. The knee angle, backrest position, 
height of leg support bar and seat were standardized.  
 
  
                                                                     (a)           (b)    
Fig. 1.  (a) Biodex dynamometer; (b)set for plantar/dorsi flexion testing    
 
 In order to fit the skate boots on the foot plate, the blade holder and skate blade were removed.  Prior 
to putting on the footwear, 32 individual piezo-resistive sensors (FSA, Verg Inc., Winnipeg, Manitoba) 
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were placed at different locations on the skin of the foot and ankle (Fig 2).  These sensors were calibrated 
up to 100 PSI (~670 kPa).  
 
Fig. 2. Sensors about foot, ankle and lower leg and tendon guard defining nine regions 
 
Isolated movements of PF/DF and INV/EVR were performed. There were 12 total combinations of 
trials, with each individual trial taking less than two minutes to complete.  Each subject performed one 
trial per foot condition, as outlined below, with a rest period of one minute between trials to avoid 
muscular fatigue. The two test modes of the Biodex used were the “isokinetic” and “passive” modes at 
60϶/s. In the isokinetic mode, throughout the task’s ROM the corresponding torque generated by the 
subject was recorded. Conversely, in the passive mode, the Biodex moved the ankle within the 
participant’s ROM in both planes, with no active involvement from the participant. In this instance, the 
Biodex recorded the torque required to overcome resistance from the footwear characteristics restraining 
movement throughout the ROM. The foot condition and Biodex exercise mode was block randomized.   
 
3. Results 
Typical responses during active (isokinetic) and passive testing are shown in Fig 3.  Maximum 
measures derived from the dynamometer (Tables 1 and 2) showed that the SKATE FTG had substantial 
greater ankle range of motion (+14.8º; 52.4º vs. 35.7º p<0.05), particularly in the PF direction (+12.6º) 
versus the SKATE, and a trend towards increased PF torque (64.2 vs. 62.7 Nm) and work per stroke (13.0 
vs. 8.9 kJ). No significant differences in INV/EVR were noted (data not shown).  
 
Table 1. Mean Maximum Measures (Isokinetic – Active P/D) 
Dependant Variables Independant. Variable Mean SD Significant Difference 
(p<0.05) 
ROM 
(degrees) 
 
SKATE FTG 
SKATE 
SHOE 
52.4  
35.7  
65.2  
6.7  
5.3  
7.7  
SKATE vs. SKATE FTG 
SKATE vs. SHOE 
SKATE vs. SHOE 
Torque_Plantar 
(Nm) 
SKATE FTG 
SKATE 
SHOE 
64.2  
62.7  
70.7  
22.3 
27.7 
25.5 
SKATE FTG vs. SHOE 
SKATE vs. SHOE 
SKATE vs. SHOE 
Torque_Dorsi 
(Nm) 
SKATE FTG 
SKATE 
SHOE 
25.6  
25.6  
23.0  
3.6 
3.4 
5.5 
 
Total_work 
(kJ) 
SKATE FTG 
SKATE 
SHOE 
13.0  
  8.9  
16.0  
3.5 
3.5 
4.6 
SKATE vs. SKATE FTG 
SKATE vs. SHOE 
SKATE vs. SHOE 
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Table 2. Descriptive Statistics (Isokinetic – Passive P/D) 
 
Dep. Variable Indep. Variable Mean SD Significant Difference 
(p<0.05) 
ROM 
(degrees) 
 
SKATE FTG 
SKATE 
 
SHOE 
54.3 
37.2 
 
67.8 
6.5 
5.8 
 
7.4 
SKATE vs. SKATE FTG 
SKATE vs. SKATE FTG 
SKATE vs. SHOE  
SKATE vs. SKATE FTG 
Torque_Plantar 
(Nm) 
SKATE FTG 
SKATE 
SHOE 
13.7 
22.3 
  8.2 
4.0 
4.9 
5.6 
SKATE vs. SKATE FTG 
SKATE vs. SHOE 
SKATE vs. SHOE 
Torque_Dorsi 
(Nm) 
SKATE FTG 
SKATE 
SHOE 
25.8 
24.8 
20.3 
4.0 
3.7 
2.2 
 
 
 
 
 
 
Fig. 3. Typical response during (a) active (isokinetic) and passive testing (position versus torque); and; (b) comparison of SKATE, 
SKATE FTG and SHOE conditions. Note increased range of motion in both passive and active PF from SKATE to SKATE FTG 
and SHOE 
 
Contact pressure distribution was altered significantly both at the sites adjacent to the boot 
construction modifications (tendon guard) and at remote sites (instep, plantar metatarsals), indicating an 
altered manner of foot leverage within the boot to create PF/DF torque, particular at PF to DF transition 
phases. (Fig 4). No significant differences in INV/EVR were noted (data not shown).   
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(a)       (b) 
 
Fig. 4. Comparison of (a) SKATE and (b) SKATE FTG pressures during PF to DF cycles (0 to 30 PSI or 0 to 206.8 kPa).  
Note pressure differences (* p<0.05) at tendon guard, plantar metatarsal and dorsal instep, with lower values for the SKATE FTG 
 
 
4. Discussion 
 
As expected, the modified SKATE FTG skate’s tendon guard increased overall range of motion, 
particularly allowing greater plantar flexion than afforded by the SKATE’s rigid tendon guard. In turn the 
SKATE FTG showed a trend towards increased torque and work throughout the whole range of 
movement. No corresponding changes in inversion /eversion measures were found. This latter 
observation may be interpreted positively, as medial and lateral stiffness was maintained to provide 
needed support of the foot and ankle for stability over the blade’s narrow support width.  
Some unanticipated changes in regional foot pressure contact magnitudes were found. Decreases in 
pressures at the tendon guard interface were expected with the SKATE FTG, though concomitant 
decreases in pressures at the instep and plantar metatarsals were not predicted.  Evidently, the design 
modification likewise altered the manner in that the foot and lower limb interface with the boot to create 
the necessary leverage to actively move the skate boot.   
There are several limitations of the current study.  First, assessment in a non-weight bearing posture 
was necessary to isolate the function of the foot / ankle complex; however, the findings may not be 
duplicated in the upright weight-bear posture.  Similarly, inclusion of the blade and blade holder may also 
alter manner of torque production, particular with regards to inversion and eversion movements. Hence, 
the above in lab findings should be interpreted with caution as they may not directly translate to on ice 
skating conditions.  
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5. Conclusions 
 
In summary, this novel study is the first to directly ascertain the mechanical interactions of the foot and 
skate boot, and demonstrated this benchmarking protocol’s sensitivity to functionally discriminate 
between boot design changes. 
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